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We present clinical and magnetic resonance (MR) findings in three
patients with segmental myoclonia occurring 11-18 months after severe
brainstem injury. Palatal myoclonus and vertical ocular myorhythmia were
present in all three patients and synchronous involuntary movements of
the upper extremities (“wing beating”) in two patients, MR-imaging showed
multiple post-traumatic lesions within the dentato-rubro-olivary pathway
(““‘myoclonic triangle™), associated with bilateral enlargement and increased
signal intensity of the inferior olives. The signal abnormality was more
prominent on proton density weighted images than on T2-weighted images,
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Palatal myoclonus, sometimes accompanied by other
forms of segmental myoclonias, such as hyperkinetic
movement disorders of the facial muscles, pharynx,
larynx, diaphragm or extremities, is usually caused
by a vascular ischaemic lesion of the brainstem or
cerebellum (1, 2). Several other causes less frequently
observed include encephalitis, degenerative diseases,
multiple sclerosis, tumours and trauma (3-6). The
characteristic pathological feature is hypertrophy of
the inferior olivary nucleus (7-10). Recently, mag-
netic resonance (MR) imaging allowed direct visu-
alization of inferior olivary hypertrophy associated
with ischaemic or degenerative lesions in the brain-

stem or cerebellum (4, 11-14). MR findings in oli-
.vary hypertrophy due to severe traumatic brainstem
injury have not yet been reported. We present three
cases of traumatically induced olivary hypertrophy
studied with MR-imaging.

Methods

MR studies were performed on a 1.5 Tesla super-
conducting system (Magnetom, Siemens, Erlangen,
Germany) using a circular polarized head coil (field
of view = 25 cm). The imaging protocol consisted of
sagittal T1-weighted images (TR =500ms, TE =
15 ms), axial and coronal proton density (PD) and
T2-weighted images (TR = 2400 ms, TE = 15/90 ms).
Additionally, a 3D flash sequence (TR =40 ms,
TE =5 ms, flip angle = 40°) was applied. During im-

suggesting underlying pathological changes different from typical gliosis.
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aging, the patients were monitored by continuous
pulse oxymetry, capnography, ECG and blood pres-
sure manometry.

Case reports

Case 1. A 16-year-old boy sustained a severe head
injury in a traffic accident. On admission he was
comatose, asystolic and without spontaneous respi-
ration. He required immediate cardiopulmonary re-
suscitation and artificial ventilation. The initial CT
examination 2 h after the trauma, revealed diffuse
brain edema. Four weeks later, CT showed signs of
contusion in the mesencephalon, the splenium of the
corpus callosum, and in the subcortical frontobasal
and left frontoparietal white matter. The patient re-
mained comatose and developed a traumatic apallic
syndrome (15). Seventeen months after the injury,
symmetric rhythmic contractions of the soft palate
(palatal myoclonus) with a mean frequency of
120 min associated with rhythmic contractions of
the pharynx and the perioral muscles and with in-
termittent upward-beating of the eyes were observed.
In addition, the left arm and hand showed involun-
tary movements synchronously with the palatal my-
oclonus. All these involuntary rhythmic movements
were continuously present during sleep and wake-
fulness. A right spastic hemiparesis was present,
which might have prevented similar movements of
the right upper extremity. The EEG showed no cor-
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relation with the segmental myoclonic jerks. MR
imaging 18 months after the injury revealed multiple
lesions within the myoclonic triangle (Fig. 1 a—c).
Areas of decreased signal intensity, suggesting local
hemosiderin deposition, were present in the left
upper cerebellar peduncle. The inferior olivary nuclei
were enlarged symmetrically and showed increased
signal intensity on PD-weighted and T2-weighted
images. In addition, large areas of contusion were
present bilaterally in the frontal lobe and thalamus,
and in the splenium of the corpus callosum. Marked
cortical and subcortical atrophy was noted.
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Case 2. A 22-year-old man sustained a severe head
injury in a motorcycle accident. On admission, he
was comatose and presented with extensor postur-
ing of the upper and lower extremities and with di-
lated pupils not reacting to light. Cerebral CT per-
formed 3 h after the trauma, revealed multiple
hypodensities, in the right temporal lobe, in both
frontal lobes and in the left thalamus. Furthermore,
subarachnoid hemorrhage and bleeding into the third
and right lateral ventricle were observed. The patient
remained comatose for four weeks and then devel-
oped a traumatic apallic syndrome. Clinically, spas-

Fig. 1. (Case 1), () T2 weighted axial MR images showing areas
of increased signal in the tegmentum (black arrows), posthemor-
rhagic lesions in both upper cerebellar peduncles (white arrows).
and increased signal intensity and symmetrical enlargement of
hoth inferior olivary nuclei (arrowheads); (b) T2 weighted coro-
nal images showing symmetrical enlargement and increased sig-
nal intensity of both inferior olives (arrows); (c) PD weighted
coronal images; the increase in signal intensity of the inferior ol-
ives is more prominent than in T2-weighted images (arrows).



Fig. 2. (Case 2). T2-weighted axial MR images showing posthem-
orrhagic lesions in the tegmentum on the right side (arrow) and
in the left upper cerebellar peduncle (arrow), and asymmetrical
enlargement and increased signal intensity of the inferior olives
(arrowheads).

tic tetraparesis more pronounced on the left side,
gaze deviation to the left with sustained horizontal
nystagmus, and right facial paresis were present. The
clinical course was complicated by focal epileptic
seizures, but no epileptiform discharges were found
on interictal EEG recordings. During the following
months, the patient’s condition improved gradually,
he responded to external stimuli and performed fi-
nalized skilful voluntary movements in all limbs. Ten
months after the injury, palatal myoclonus and oc-
ular bobbing appeared for the first time. MR imag-
ing showed bilateral enlargement and increased sig-
nal intensity of the inferior olives on PD-weighted
and T2-weighted images. The signal abnormality was
more pronounced on the left side (Fig. 2). Areas of
decreased signal intensity suggesting local hemosid-
erin deposition were shown in the left ventral and
right lateral tegmentum next to the nucleus ruber.
Posthemorrhagic lesions were also present in the left
upper cerebellar peduncle and in the adjacent part of
the vermis of the cerebellum. In addition, large cystic
areas in both frontal lobes, consistent with resolving
intracerebral hematomas, and signs of moderate at-
rophy were apparent in the brainstem and cerebel-
lum.

Case 3. A 2l-year-old patient sustained a severe
head injury in a car accident. On admission, the
patient was comatose and presented with a decor-
tication pattern with flexor posturing of the upper
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and extensor posturing of the lower extremities, di-
vergent position of the eye balls. and narrow pupils
sluggishly reacting to light. The patient developed an
apallic syndrome with poor remission during the fol-
lowing months. Cerebral CT 2 h after trauma showed
diffuse cerebral edema and traumatic subarachnoid
hemorrhage. MR imaging three months after the in-
jury showed hemorrhagic contusions in the thalamic
area and the splenium of the corpus callosum on the
right side, the upper brainstem, involving the fibers
of the central tegmental lract, and in the vermis and
right dentate nucleus of the cerebellum.

Eighteen months alter the injury, palatal myoclo-
nus, vertical ocular myorhythmias (“‘upward beating
nystagmus”) and synchronous involuntary move-
ments of the upper extremities (“‘wing beating”) oc-
curred. In addition to the earlier detected contu-
sional lesions a repeat MR-examination showed
bilateral enlargement of the inferior olivary nucleus
with increased signal intensity on PD- and T2-
weighted images.

Discussion

A variety of CNS structures, including the motor
cortex, red nucleus, pretectal region, superior colli-
cle, vestibular nuclei, mesencephalic reticular forma-
tio, contralateral cerebellar nuclei and the spinal
cord, have connections with the inferior olivary nu-
clei (16). These connections terminate in a promi-
nent dendritic pattern with abundant ‘“boutons
terminaux” (17). A lesion interrupting the central
tegmental tract or dentato-olivary fibers from the
dentate nucleus of the cerebellum may be associated
with hypertrophic degeneration of the respective tar-
get neurons in the inferior olivary nucleus, resulting
in an enlargement of the inferior olives (olivary hy-
pertrophy) (2, 18).

Histopathologically, hypertrophic olivary degen-
eration is characterized by myelin loss vacuolar ne-
crosis of neurons, and fibrillary gliosis (19, 20).

Guillain and Mollaret (3, 4) were the first to de-
scribe a relationship between lesions of the dentato-
rubro-olivary pathway (“myoclonic triangle”), oli-
vary hypertrophy, and the occurrence of segmental
myoclonias. Their observations have been confirmed
in several clinico-pathological studies (7, 8, 2, 5).
Myoclonus of the soft palate is most commonly re-
cognized, and is often accompanied by synchronous
movements of the larynx, floor of the mouth, tongue,
face, diaphragm, or skeletal muscles (2, 4, 8, 20, 21,
22, 23). Involvement of the oculomotor system is not
rare, and the condition is then termed *“oculopalatal
myoclonus” (24). The combination of palatal myo-
clonus, vertical ocular myorhythmia and “wing
beating” of the upper extremities has been observed
in three patients with ischemic lesions of the brain-
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stem (25). In our study, all patients had palatal my-
oclonus and vertical ocular myorhythmia, and two
had synchronous unvoluntary movements of the
upper extremities.

The time interval between the occurrence of a
lesion within the dentato-rubro-olivary pathway and
the clinical manifestation of palatal myoclonus is
variable, although it peaks at 10 to 11 months (2).
Our patients developed segmental myoclonias 11, 17
and 18 months after severe head injury. This delayed
onset of symptoms may be explained by the devel-
opment of denervation hypersensitivity of inferior
olivary neurons. Thus, these neurons would become
hyperactive in response to normal levels of circulat-
ing transmitters (23).

Segmental myoclonias have rarely been observed
as a sequel of head injury (3, 26), but histopathologic
confirmation of olivary hypertrophy was not avail-
able in these cases.

Recently, MR imaging has been used to study
olivary hypertrophy and its associated lesions in the
brainstem or cerebellum. Various reports described
the MR appearance of olivery hypertrophy second-
ary to brainstem infarction, tegmental or cerebellar
hemorrhage, and progressive ataxia (4, 11-14). Con-
sistent with these observations, MR imaging showed
bilateral enlargement of the inferior olives and in-
creased signal intensity on PD weighted and T2-
weighted images in all of our patients (Fig. la,b;
Fig. 2). Bilateral involvement of the inferior olivary
nuclei was probably due to the multilocularity of the
traumatic lesions within the dentato-rubro-olivary
pathway.

Generally, gliosis presents with increased signal
intensity on T2-weighted images (27, 28). However,
in all three cases the signal abnormality was more
prominent on the proton density-weighted images
(Fig. 1b,c). This suggests that the pathological
changes in olivary hypertrophy are different from
typical gliosis. High signal intensity on proton
density-weighted images might be related to an in-
crease in intracellular water content of enlarged neu-
ral bodies (13).

Based on our findings, we conclude that olivary
hypertrophy can be detected by MR imaging in some
patients following severe brainstem and/or cerebel-
lar injury. The exact localization and neuro-
anatomical correlation of traumatic lesions by MR
offers new insights to the patho-anatomical basis of
different forms of segmental myoclonias.
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